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Abstract

Introduction Oral cancer is one of the most common
cancers and it constitutes a major health problem particu-
larly in developing countries. It is one of the leading causes
of death. Tobacco and alcohol consumption appears to be
the major determinants of oral cancer.

Materials and methods The literature search was carried
out in NCBI Pubmed database using keywords “oral can-
cer”, “risk factor”, “epidemiology” and “patho*”. Some
basic information was also obtained from textbook and
medical university websites.

Results  Several risk factors have been well characterized
to be associated with oral cancer with substantial evi-
dences. The development of oral cancer is a multistep
process involving the accumulation of genetic and epige-
netic alterations in key regulatory genes. Experimental
pathological studies of oral cancer in animal models and
direct molecular genetic analysis of oral cancer subjects in
recent times have revealed a substantial amount of
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knowledge on specific gene alterations or other genetic
mechanisms involved in initiation and subsequent
progression.

Conclusion Considering known risk factors, oral cancer
appears to be to a certain extent, a preventable disease.
Recent development of molecular picture of pathopro-
gression and molecular genetic tools opens the avenue for
easier diagnosis, better prognostication and efficient ther-
apeutic management.

Keywords Oral cancer - Epidemiology - Molecular
biology - Risk factor

Introduction

Oral cancer (OC) is the commonest cancer in India,
accounting for 50-70% of total cancer mortality and
accounts for highest incidence among Asian countries [1].
OC is the sixth most common cancer worldwide [2]. It
affects anterior tongue, cheek, floor of mouth, gingiva or
any other part of the oral cavity. Worldwide, there is a
great variation in the incidence of cancer of the oral cavity.
It accounts for less than 5% of all cancers in United States,
Western Europe and Australia. India, few pockets in
France, Brazil, central and eastern Europe have few of the
highest rates of cancer of the oral cavity in the world. The
differing social customs are likely to be responsible for
regional variations in the disease incidence. The high rate
of OC in France and Eastern Europe has historically been
linked to the heavy consumption of alcohol and tobacco in
these countries. The habit of chewing betel nut leaves
rolled with lime and tobacco, a mixture known as pan,
results in prolonged contact of the carcinogen with the
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buccal mucosa, which is thought to be the principal cause
of OC in India.

The incidence of OC is directly correlated with age of
subjects. Rates rise dramatically after the age of
40-49 years, and reach a plateau around the age of
70-79 years (Fig. 1). Due to increase in ageing population
in majority countries world-wide, even the current age-
specific rates will be more than sufficient to tilt the balance
towards an increase in adult population with higher risk of
OC. OC is more frequent in men than women, and
depending on its location within the oral cavity, males are
two to six times more likely to be affected than females,
largely owing to their higher intake of alcohol and tobacco.

Etiology and Major risk Factors

Numerous risk factors or possible causative agents for OC
have been described. Chemical factors like tobacco and
alcohol, biological factors like human papillomavirus
(HPV), syphilis, oro-dental factors, dietary deficiencies,
chronic candidiasis and viruses have been shown to be
significantly associated with OC.

Chemical Factors
Tobacco

There are ample evidences suggesting that tobacco in
various forms, including smoking, chewing and in betel
quid etc., have carcinogenic impact in oral cavity. The
commonest form of tobacco use is smoking. The various
forms in which tobacco is used as smoke are- cigarettes,
cigars, pipe and bidi etc. Hookah or chillum (a clay pipe
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used to keep the burning tobacco) are other common forms
of smoking in some countries of Asia including India. In
some part of India like Mizoram, tobacco smoke is dis-
solved in water (“smoke on the water”) which is another
peculiar form of tobacco use.

Alcohol

Numerous studies have suggested alcohol to be a major
risk factor for OC. There is a certain degree of controversy
whether alcohol alone may have carcinogenic impact. This
is due to simultaneous tobacco and alcohol intake of study
subjects in various epidemiological studies. Studies have
shown that individuals consuming more than 170 g of
whisky daily have ten times higher risk of OC than the light
drinkers [3]. Alcohol may have additive effect and it has
been suggested that it facilitates the entry of carcinogens
into the exposed cells, altering the metabolism of oral
mucosal cells [4]. However, the current evidences do not
suggest that pure ethanol alone is carcinogen for the
development of OC.

Biological Factors
Viruses

Role of oncogenic viruses in human cancer is an emerging
area of research. Viruses are capable of hijacking host
cellular apparatus and modifying DNA and the chromo-
somal structures and inducing proliferative changes in the
cells. HPV [5] and Herpes simplex virus (HSV) have been
established in recent years as causative agents of OC.
HPV has been identified in approximately 23.5% of OC
cases [6]. The most commonly detected HPV in head and
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neck squamous cell carcinoma (HNSCC) is HPV-16, which
has been demonstrated in 90-95% of all HPV positive
HNSCC cases, followed by HPV-18, HPV-31, and HPV-
33. The prognostic significance of HPV in pre-cancerous
oral lesion is not clear. However, few studies have found
improved disease-specific survival and better prognosis for
HPV positive OC.

HSV-1 or “oral herpes” is commonly associated with
sores around the mouth and lip and has been suggested to
be a causative agent of OC [7]. Epidemiological studies
showed higher level of IgG and IgM antibodies to OC
patients compared to control subjects [8]. Kassim et al [9]
also reported oncogenic relationship between HSV-1 and
oral squamous cell carcinoma (OSCC). A population based
study showed HSV-1 to enhance development of OSCC in
HPV infected patients and individuals with history of
cigarette smoking [10]. Risk of oral cavity and pharyngeal
cancer is two-fold higher among human immunodeficiency
virus (HIV) patients indicating a link between HIV and
OSCC [11, 12]. Epstein Barr Virus (EBV), human her-
pesvirus-8 (HHV-8) and cytomegalovirus have also been
reported as risk factors of OSCC in different studies
[13, 14].

Syphilis

The data on causal association between syphilis and OC is
weak. There are reports of 19 [15] and 6% [16] serological
positivity for syphilis among tongue cancer patients.

Candida

Candida has been suggested to play a role in initiation of
OC. Clinical studies have reported that nodular leukoplakia
infected with Candida has a tendency for higher rate of
dysplasia and malignant transformation. It has also been
shown that epithelium of the chick embryo, when infected
with Candida albicans show squamous metaplasia and
higher proliferative phenotype [17]. The causal association
of Candida infection and OC is still controversial and
demands further proof.

Dental Hygiene and Related Factors

There is inverse association between oral hygiene and
incidence of OC. Poor oral hygiene and prolonged irritation
from sharp teeth have been viewed for their possible role in
the development of OC. Poor oral hygiene and dental
sepsis is thought to promote carcinogenic action of tobacco
[18]. There are several scattered reports on the role of oro-
dental factors in the causation of OC, but the hypothesis
still lacks major evidence.

@ Springer

Nutritional Factors

Dietary deficiencies are also suggested to play a role in the
development of OC. This, however, requires more clinical
and experimental evidence for establishment of causal
association with the development of OC. Some workers
have reported lower risk of OC with higher intake of fruits
and vegetables [19].

Molecular Pathogenesis of Oral Cancer

Oral carcinogenesis like any other cancer is a progressive
disease and normal epithelium passes through stages
starting from dysplasia to finally transforming into invasive
phenotypes. Although all types of carcinomas are seen in
oral cavity, the most common form of OC is squamous cell
carcinoma. Use of genetic and proteomic approach in
recent years have revealed the molecular pathological
picture of OC. There is active search to identify genetic
alterations in oncogenes or tumour suppressor genes, role
of genomic instability and epigenetic modifications and to
generate a gene expression profile in oral oncogenesis [20].
Understanding these genetic changes and gene expression
patterns are keys to the understanding of molecular path-
ogenesis of OC. Though, there are some significant leads
achieved, the complete understanding of molecular
pathology of OC and its association with causative agent
will require another decade of intensive research. We have
discussed some of the important updates in this area of
active research.

Genetic Susceptibility

It is now established that up to 10% of all cancers have a
strong hereditary component. Role of genetic component in
the development of OC is being suggested by several
studies showing familial clustering [21]. A clustering of
OC has been seen in certain ethnic groups, like Askenazi
group in Israel; with incidence being double as compared
to other Jewish population in that country. However, the
basis of this genetic susceptibility is not well understood, as
yet.

Evaluation of specific genetic polymorphism in key
genes involved in oral carcinogenesis has been the major
area of study. Glutathione S-transferase M1 (GSTM1) null
genotype appears to be the most consistent polymorphic
susceptibility marker for head and neck cancer including
OC. Meta-analyses by Tripathy and Roy showed that the
GSTMI null genotype conferred a 20-50% significantly
increased HNSCC risk [22].
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The variant val allele of the CYPIA1l (Cytochrome
P450, family 1, member Al) polymorphism is another
fairly consistent susceptibility marker with a 35%
increased risk in a meta- analysis of 12 studies [21]. The
studies on many other gene polymorphisms have been
inconclusive. Brennan et al. [23] found that ALDH1B and
ALDH?2 (Aldehyde dehydrogenase 2) genes were associ-
ated with HNSCC and showed significant correlation with
alcohol consumption.

Proto-oncogenes, Oncogenes and Genetic Alterations:

Genetic alterations define molecular basis of carcinogene-
sis which includes point mutations, amplifications, rear-
rangements, and deletions. Several oncogenes have also
been implicated in oral carcinogenesis [20]. Aberrant
expression of epidermal growth factor receptor (EGFR),
K-ras, c-myc, int-2, Parathyroid adenomatosis 1 (PRAD-1)
and B-cell lymphoma (bcl) like oncogenes have been
reported in OC development [24]. Over expression and
amplification of cellular oncogene EGFR have been
reported in a 7,12-Dimethylbenz(a)anthracene (DMBA)
induced hamster cheek pouch malignant OC model [25].
Transforming growth factor-alpha (TGF-«) is known to
promote neovascularization and mitogenesis. It has been
shown to be aberrantly expressed in human OC and in
hamster oral tumor [26].

Tumor Suppressor Genes

More than 50% of all primary HNSCC harbour p53
mutation [27]. Inactivation of p53 represents the most
common genetic change in all human cancers [28]. The
most commonly deleted region in HNC is located at
chromosome 9p21-22 [29]. Loss of chromosome 9p21
occurs in the majority of invasive tumors in head and neck
cancer [30]. Homozygous deletions in this region are fre-
quent and represent one of the most common genetic
changes identified. p16 (CDKN2) present in this deleted
region, is a potent inhibitor of cyclin D1 [31]. Loss of pl6
protein has been observed in most advanced pre-malignant
lesions also [32]. Mayo et al. [33] have identified an
alternative RNA transcript for p16 termed as Alternative
Rating Frame (ARF; or pl16p). Introduction of pl6 or
pl6ARF into HNC cell lines result in potent growth sup-
pression [34].

Loss of chromosome 17p is also frequent in most human
cancer including OC. It is seen in approximately 60% of
invasive lesions. Although p53 inactivation correlates
closely with loss of 17p in invasive lesions, pS3 mutations
are quite rare in early lesions that contain 17p loss. Loss of
chromosome arm 10 and 13q are also noted in primary
tumors [35].

Many other regions of chromosomal loss have been seen
in OC. Further, fine mapping of these critical genes within
these areas may provide important information in the
understanding of genomic instability leading to the devel-
opment of this neoplasm.

Genomic Instability

Genomic instability such as loss of hetrozygosity (LOH)
and microsatellite instability (MSI) are frequently observed
in cancer and such instability has been investigated and
several reports are available in OC. Chromosome 9p21
containing pl6 tumor suppressor gene is frequently lost in
HNSCC and oral preneoplastic lesions [30, 36]. Chromo-
some 3pl4 contains the tumor suppressor gene fragile
histidine triad (FHIT) as well as a common fragile site,
FRA3B which is also found to be frequently deleted in
early tumorigenesis [37] and its deletion is associated with
exposure to cigarette smoke [38]. Loss of chromosome
17p13 harboring p53 tumour suppressor gene is also
common in multistep head and neck tumorigenesis [39].
Loss of function of the tumour suppressor p5S3 can result in
uncontrolled cell division and progressive genomic insta-
bility [40]. The increased frequency of LOH in invasive
tumours at the 9p21 locus is also reported and may suggest
that the region, probably the p16 gene is important in early
malignant progression. Several studies have demonstrated
these by using microsatellite markers. Alterations in certain
regions of chromosomes 3p, 9p, 17p and 18q are associated
with the development of HNSCC [41]. Nunes et al. [42]
performed a microsatellite analysis of cells sampled from
the oral cavity of oral and oro-pharyngeal cancer patients
and observed LOH in 84% of samples. In another study,
Spafford et al. [43] identified genomic alterations in all of
the malignant lesions of the oral cavity included in their
sample.

Epigenetic Alterations

The major epigenetic modification in tumours is methyla-
tion. Changes in the methylation patterns can play an
important role in tumorigenesis. Epigenetic modifications
are frequently connected with the loss of genetic expres-
sion and important for the multiple indispensable genetic
events during carcinogenesis. Malignant progression takes
place because these alterations can inactivate DNA
repairing genes.

Methylation patterns of pl6, methylguanine-DNA
methyltransferase (MGMT) and Death-associated protein
kinase (DAP-K) genes in smears of patients suffering from
head and neck cancer showed abnormal hypermethylation
patterns by a methylation specific polymerase chain reac-
tion (PCR) [43].
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Molecular Progression Model

Califano et al. [41] tested ten most common allelic events
in a large number of primary pre-invasive lesions and
invasive HNSCC to develop a molecular progression
model. It involves inactivation of many putative suppressor
gene loci. Chromosomes 9p and 3p appear to be lost early,
closely followed by loss of 17p. Mutations in pS3 gene are
seen in the progression of pre-invasive to invasive lesions.
Many other genetic events occur later during progression.
Other genetic events, such as amplification of cyclin D1
and inactivation of p16 have been tested predominantly in
invasive lesions, but their precise order in the model was
not determined [44].

Molecular Epidemiology

The pattern of specific gene mutation in OC patient may
give a clue to the aetiology of that particular tumor.
Brennan et al. [27] analyzed the pattern of p53 mutation in
HNSCC. They found that the incidence of p53 mutation
was much higher in patients who were exposed to both
tobacco and alcohol versus non-users.

It has been suggested that alcohol appears to augment
the effect of smoking due to an increase in the absorbance
of carcinogens contained within the cigarette smoke. Sev-
eral epidemiologic evidences suggest that abstinence from
cigarette smoking may decrease the overall incidence of
HNSCC [45].

HPV positive oral and oro-pharyngeal cancer comprise a
distinct clinico-pathological entity. They are less likely to
occur among heavy smokers and drinkers, have lesser
likelihood of p53 mutation and have better cancer-specific
survival. It has been suggested that HPV positive tumours
may have better prognosis by inactivating retinoblastoma
(Rb) [46].

Conclusions

Extensive case-control and longitudinal studies have
implicated tobacco and alcohol as major risk factor for OC.
That is why widespread prevention and control programs
are being designed. Efforts are also going on to understand
the initiation and progression of OC by designing labora-
tory models. Increasing knowledge of molecular genetic
alterations in OC has led to a better understanding of
molecular pathways in the development of OC. This new
knowledge is expected to generate new lead for prevention,
early diagnosis and devising new therapy for OC. A robust
progress has been made in our understanding of molecular
basis of oral carcinoma, but there is lot more to be
understood.
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